Abstract-Selective Catalytic Reactor [SCR] in the existing system have been using the two classical PID controllers in cascade form. It is being employed to reduce the NOx value by predicting the set point of ammonia. When this process is being applied to a thermal power plant, we get the higher cost, increased peak overshoot and more settling time, which caused time delay affecting the process to a certain extent. In the proposed system, we are incorporating Linear Quadratic Regulator in place of two PID controllers, where we optimize the system to get a constant feedback which overcomes the existing disadvantages of the existing system. The LQR technique minimizes the energy of the system by giving minimum cost which is lesser than that of nominal cost of the system. This also gives lower cost, faster setting time and less peak overshoot when compared to PID control.
I. INTRODUCTION
In every power plant, combustion process takes place which is nothing but a rapid chemical of a fuel combining with oxygen to give heat and light. Criteria for the NOx control has been established as part of the Clean Air Act in 1977 [11] . The program called Clean Air Act Amendment (CAAA) includes annual declines in the emissions levels of NOx incorporating two-phase approach for NOx reduction that needs to comply with federal ozone standards [4] .
Reduction of NOx can be done using selective catalytic reduction or selective non-catalytic reduction (SNCR). These two techniques are deployed in industries based on the requirement. The capital cost of selective non-catalytic reduction Technique (SNCR) is lesser than that of SCR technique which removes up to 80% of NOx content. SCR cost is higher than that of SNCR but it can achieve NOx reduction up to 95% with the help of a catalyst which speeds up the reaction. SCR is declared as the most efficient technology since provides the best alteration rate.
There are many applications of the Selective Catalytic Reduction Technique that have been using conventional methods such as proportional and integral Controllers which has large dead times making it less effective [1] . The real-time optimization of the SCR model technique and methods [2] involving Fuzzy Logic [3] [4] is more complex.
Selective Catalytic Method has been implemented using a technique using Generalized Predictive Controller for NOx control and Feedforward controller for Ammonia controller [5] . By using GPC and LQR in the cascade and by implementing multi-rate time sampling system is facilitating the system to withstand large computational load and the evaluations show improvement in feedback performance, prevention of undershooting at disturbance change, reduction in error and better operating range [1] .
The Digital implementation scheme was also developed after that which has a compensator deployed to reduce the effect of high-frequency noise and for the disturbance rejection of the system [6] . The models which have been proposed earlier has its own advantages but they have failed in terms of achieving the minimum energy of the system and minimum cost of the linear continuous time varying system. However, the proposed method is not only deployed to achieve better performance but also in terms of energy minimization and minimum cost function.
II. EXPERIMENTAL MODEL AND DESIGN
The figure (1) shows the overall process in the direct fired heater where Selective Catalytic Reactor is employed to reduce NOx percentage. The system utilizes aqueous ammonia, which is mixed with heated high-temperature dilution air in a vaporizer tower. As the treated exhaust gas flows through the catalyst bed, a chemical reaction occurs and reduces the NOx emissions. The above figure shows the overall process of Selective Catalytic Reactor in which our main goal is to reduce the Amount of NOx in the flue gas that contains Nitric Oxides. In SCR, we have to make NOx react with Ammonia which gives Nitrogen and water. So, 19% of Aqueous Ammonia solution which is been prepared is fed into the Ammonia feed pump.
Fig. 1 Selective Catalytic Reactor Model
The Ammonia is fed into an Electric heater at a temperature of 750 F where the ammonia should be vaporized in order to make it react with NOx. So, the Ammonia is vaporized inside an Ammonia Vaporizer containing a Nozzle. This vaporized ammonia is then sent to an Ammonia Injection grid connected to the SCR Reactor bed which contains the catalyst. Since SCR process takes place only in the presence of the catalyst, a catalyst is very important for this process to take place. After the reaction takes place inside the SCR reaction chamber, it is been sent to a mounted stack where we measure the concentration of NOx and Ammonia in the process. The NOx is measured by a CEMS (Continuous Emission Monitoring sensor) and Ammonia is measured using Ammonia Sensor.
SCR Chemistry
The most significant reactions that reduce NO and NO2 with NH3 are the following:
However, in an actual system, slightly more NH3 is injected than necessary for the desired NOx removal, to account for imperfect mixing. The excess NH3 which passes through the catalyst bed non-reacted is called Ammonia slip.
III. SELECTIVE CATALTIC REACTOR MODEL
`In the below figure, we can see that we have two PID controllers one is to reduce NOx value to the desired value and other PID controller is for Ammonia control valve to open or close the valve depending upon the set point and process value of NH3.
A. NOx Reduction and Control
After determining the type of the fuel and temperature T, it is been compared with the Permissible NOx (Predefined table) from which the amount of NOx is predicted approximately based on Fuel type and temperature. The predicted inlet value of the NOx is called as "Inlet NOx" is been fed in to the percentage block. The NOx controller has a set point (according to EPA Standards) and process value (pV), measured value coming from the SCR reactor. The output of the NOx controller is fed to the percentage block along with the difference between Inlet NOx and the Outlet NOx value. 
IV. PROBLEM STATEMENT
In the proposed system, we are applying optimal control in the system and converting the system in to linear quadratic Regulator (LQR) form to obtain minimum energy and we minimize the cost function
The capabilities of the proposed control strategy will be shown by comparing the cost of the existing system and the cost of the proposed optimal control strategy using Linear Quadratic Regulator.
V. OPTIMAL CONTROL OF NOX CONTROLLER
The NOx controller is a feedback controller that sets a reference of an NH3 flow rate in order to keep the NOx emission rate to NOx setpoint. This closed loop controller is effective in compensating calibration errors caused by NOx sensor drift.
We find the stability of the controller of given transfer function using bode plot. The transfer function is given as 1( ) = 62500 ( + 500 s + 62500)
is given where ξ=1 and ωn =250 rad/s where the values are obtained from the real time implementation from the plant which is in the form
Where A is the System, B is the input matrix, C is the output matrix and D is the feedforward matrix respectively. The system is controllable and observable.
A. Nominal Cost of NOx Controller
A dynamic system described by a differential equation and finding a cost function is essential. Control will allow the system to converge towards the desired state, handled through a feedback input depending upon the state of the system. We need to minimize
Q and R nothing but the weight matrices that are chosen based on the priority of inputs in the system. We know that By substituting values of and (0) we get = .
B. Minimum cost function in NOx Controller
The Linear Quadratic Regulator is used in Optimal Control where our main aim is to minimize the cost function. In this technique, pole locations are not the required specifications but should ensure stability. LQR is for the linear system model and a quadratic cost function in the form By comparing the value of and * we can conclude that * < . Thus, the minimum cost is lesser than the nominal cost. 
A. Cost Function of PID Technique in NH3 Controller
For the given transfer function, we have obtained Gain matrix = [0 0.4080] which satisfies controllability and observability conditions. By minimizing equation (5) By comparing the value of and * , we can conclude that * < . Thus, the minimum cost is lesser than the nominal cost. 
VII. CONCLUSION AND FUTURE WORK
Selective Catalytic Reduction Technique using Linear Quadratic Regulator has more advantages in terms of both performance and cost when compared to that of a PID controller. LQR is more suitable in case of multi-variable controller than a PID controller where it tracks the trajectory better than a classical PID controller. From the above figures (3) and (4) we can conclude that LQR has less overshoot, less setting time and less peak value. But LQR method may still have issues related to noise and time delay. Thus, further improvements can be made in LQR so that it withstand noise. Moreover, an extension of the LQR concept to systems with Gaussian additive noise, which is known as the linear quadratic Gaussian (LQG) controller, has been widely applied can also be used in Robotics and Automotive applications.
